Latvian national road accident statistics shows that for the vulnerable road users' situation is critical, since pedestrians are involved in more than a quarter of road traffic accidents. This paper gives an analysis on pedestrians involved in road traffic accidents based on the road safety accident database in Latvia for the years 2010-2014. The total number of cases does not change significantly, however there has been an increase in pedestrian fatality rates over the period. From the total number of traffic accidents with pedestrians involved 92.4% had injuries, 6.8% were lethal cases and others did not suffer from injuries. Out of 342 fatalities 37.7% occurred during the winter period, 56.1% in adverse weather (overcast, fog, rain or snow), 69.9% during twilight or darkness and 26.9% on weekends. Out of all accidents 55.3% occurred in the capital city Riga, but fatality rate was higher on main state roads. 8.1% of the total number of pedestrians involved in road traffic accidents was found to have alcohol in their blood right after the road traffic accident. Fatality rate was higher for those with exceeded BAC. Pedestrian injury risk analysis was associated with demographical and traffic-related factors, urbanization, visibility and seasonal patterns.
Introduction
The issue of pedestrian safety has received an increasing attention from the researchers and transport planners. Every year the lives of approximately 1.25 million people are cut short as a result of a road traffic crash. 22% of those dying on the world's roads are pedestrians [1] . These accidents consume medical resources in the emergency, hospital and rehabilitation care, the patients and their families bear a heavy physical, emotional, and financial toll.
Road infrastructure is mainly constructed with the needs of motorists in mind, although almost half of all road traffic deaths occur among the vulnerable road users, which includes pedestrians as well. In the European Union the overall long-term tendency is for pedestrian fatalities to decrease slower than other fatalities since year 2010. The number of pedestrians killed on roads in the European Union has decreased by only 11%, compared to the total fatality decrease of 18% in the period from 2010 to 2013 [2] .
In 2016 European Transport Safety Council reported on Latvia having one of the highest risk numbers per head being killed as road users with more than 90 deaths per million inhabitants [3] . Data shows that 39% of all killed in road traffic crashes in Latvia are pedestrians, and the vulnerable road users are one of the top priorities defined in the national road safety program. The road safety plan proposes improvement in law and regulations, improved road user behaviour control and improved road users' awareness [4] .
The objective of this research is to analyse road traffic accidents with pedestrians involved and the relations between injuries and the circumstances they occur in: the severity and types of injuries; and such causes as demographic characteristics and crash circumstances, including weather conditions and road typology.
Methods
This study gives analysis on road traffic accidents with pedestrians involved. In the current study the statistical database of road safety accidents and consequences in Latvia for the years 2010 to 2014, held by Road Traffic Safety Directorate, under the Ministry of Transport of Latvia, was used. The information held on the database covers close to 100% of all cases reported to the traffic police. Data is being collected from administrative protocols, which includes the protocols of road traffic accidents and fine slips from road police, and protocols and reports from other institutions of road traffic offences (for example, information on road traffic accidents without casualties is obtained from vehicle insurance companies).
Data-gathering protocol followed each case and then on-site investigation was carried out in order to identify pre-crash phenomena, such as road layout, light and weather conditions.
According to Road Traffic Safety Directorate a "death" is considered in those cases, where the victim has died on the accident site or within 30 days after. "Severe injuries" are those where the victims are hospitalized for more than one day, "minor injuries" -those hospitalized for up to 24 hours.
Regarding all pedestrians involved in road traffic accidents, the following information was gathered and analysed:
1. pedestrian-related variables: age (younger than 35, 35-54, 55 and older) and sex; 2. severity of injuries (no injuries, severe, minor injuries or death); 3. environmental variables: zone (open road, urban), time (daylight, twilight, darkness), type of day (working day or weekend), month of the year, surface and overcast weather conditions; 4. BAC (blood alcohol concentration) prior to the accident. Data was downloaded, processed and analysed using descriptive statistics, Pearson's chisquared and calculations of statistical reliability with SPSS for Windows 20.0. The 95% confidence interval (CI) was used to estimate the precision of the odds ratio (OR).
Results
From the 2010 to 2014, 5030 pedestrians were involved in reported road traffic accidents in Latvia. Fatal accident risk for pedestrians involved in traffic accidents has increased compared to all accidents with pedestrians. The annual rate of pedestrians involved in road traffic accidents is displayed in Table 1 . 
Pedestrian characteristics
There were 2157 male (42.9%) and 1758 female (35.0%) pedestrians; but in 22.2% of cases sex was not recorded in the police protocol. Most pedestrians (46.5%) were under 35, but rate of serious injuries was higher for the 35-54 year old group. Fatality rate was higher for those 55 years and older. The characteristics of pedestrians involved in road traffic accidents according to the age are displayed in Table 2 . 
Characteristics of accident conditions
A total of 40.4% of pedestrians were involved in road traffic accidents during twilight or dark, and 42.6% of accidents occurred during overcast, fog and rain or snow. The light and weather conditions are shown in Table 3 .
Police protocols gave incomplete reports on accident conditions, which mean there was some missing data on the light and weather conditions in total numbers. The differences between light condition and injury/fatality rate (Pearson's chi-squared test χ 2 = 163.384; pvalue < 0.0001) are statistically significant, fatality rate is higher for twilight and dark conditions (odd ratio OR = 3.750; confidence interval CI 2.953-4.761). Differences between weather condition and injury/fatality rate (Pearson's chi-squared test χ 2 = 22.717; p-value < 0.0001) are statistically significant, fatality rate is higher for adverse weather (OR = 1.792; CI 1.436-2.236). 
Seasonal and weekday characteristics
Looking at the time of a year, more pedestrians suffered in accidents during autumn (September, October, and November) and winter (December, January, and February).
Comparing the severity of injuries across the seasons, data shows that fatality percentage was higher in autumn, but serious injury percentage was higher in winter and spring. The correlation between the season and injury/fatality rate is statistically significant (Pearson's chi-squared test χ 2 = 31.899; p-value < 0.0001). There were four times more pedestrians involved in traffic accidents on weekdays than on weekends, but rates for fatality and serious injuries were higher on weekends than on weekdays. The analysis of injuries on weekdays compared to weekends shows statistically significant differences (Pearson's chi-squared test χ 2 = 21.591; p-value < 0.0001). Fatality rate is higher for weekends (OR = 1.467; CI 1.143-1.883). Characteristics of pedestrians involved in road traffic accidents according to the seasons and the day of week are shown in Table 4 . 
Characteristics of pedestrians involved in road accidents based on the time of accident
During the day time there have been mostly minor injuries (12:00-15:59), while serious injuries and fatalities occurred more during the night time (00:00-03:59). In total number of all cases more pedestrians suffered in traffic accidents in late afternoon (16:00-19:59). Table 5 presents the overall percentages of pedestrians injured according to the time of accident. Table 6 presents characteristics of pedestrians according to the place of accident. 
Blood alcohol concentration
During the five years of under study, 407 (8.1%) pedestrians were found to have alcohol in their blood right after the road traffic accident. Fatality rate is higher for those with exceeded BAC (OR = 1.167; CI 0.794-1.714). Table 7 shows overall tendencies in correlation between the pedestrians involved in traffic accidents and BAC. 
Discussion
Through the analysis of traffic police data, this study systematically examined the causes of injuries among pedestrians involved in traffic accidents in Latvia. In the period from 2010 to 2014, 5030 pedestrians were involved in road traffic accidents. The total number of cases does not change significantly, however there has been an increase in pedestrian fatality rate over the period.
Both -injuries and fatalities -in pedestrian accidents were correlated to male gender. In comparison a larger percentage of female than male pedestrian deaths occur in other European Union countries [5] , while Abay showed that one of the factors that increased the risk of a fatal injury for pedestrians was the male gender [6] . Elderly pedestrians are particularly at risk -the proportion of pedestrian fatalities increases for the age group of 35-44 as compared to those under 35, and this increases even more for the group aged above 55, which is relevant to other findings. European Commission showed that around 44% of all killed pedestrians were 65 years old or older [2] . The increased fatality rate can be explained by physical vulnerability as older people are less able to endure injuries.
The role of light circumstances is important since results of the study show that twilight and darkness are related to a high proportion of fatal pedestrian accidents. This study shows that adverse weather conditions (overcast, fog, rain or snow) are related to pedestrian fatalities. Most fatalities occurred during the autumn, the percentage of serious injuries was higher in winter and spring suggesting that the greatest proportion of pedestrian traffic accidents happened due to bad visibility. The analysis showed that injuries mostly occurred in a late afternoon, suggesting that the greatest proportion of traffic accidents were related to traffic after working hours. However, the biggest part of serious injuries and fatalities occurred at late evening or night time. This indicates that a high proportion of fatal traffic accidents are related to visibility. These results are in line with the findings of other research studies on the fundamental limitations of vision [7, 8] . In these cases, use of reflective materials on the pedestrian could likely reduce fatality risk while walking in dark conditions. This study shows that pedestrians face a large risk on urban roads. However, the largest percentage of serious injuries occurred on local and regional roads, and the largest percentage of fatalities occurred on the main state roads. The traffic mix outside cities makes the pedestrians share the road with vehicles, forcing them into dangerous situations in fast-moving traffic.
The current study also shows the relation between fatalities and pedestrian intoxication, showing that drunk walking is related to injuries and fatalities in road traffic accidents. Öström showed positive blood alcohol in 19% of the fatalities in Sweden [9] , while in the United States nearly four out of ten pedestrians killed had had some level of alcohol involvement at the time of the crash [10] . Alcohol use among pedestrians has been a relatively neglected issue when compared with alcohol use among drivers. Educational programs can be designed to inform pedestrians about the dangers posed by alcohol consumption.
Pedestrian injuries and death are related to preventable risk factors. In this study pedestrian fatalities are analysed based on demographical factors (males, older adults), blood alcohol concentration and accident circumstances (adverse weather, dark light conditions, night time, main state roads and weekends).
Making walking safer is critical for reducing the number of road traffic deaths. A key strategy for achieving a safe traffic system for pedestrians is to separate different kinds of road use, eliminating conflicts between high-speed vehicles and vulnerable road users. It is clear that both environmental and behavioural measures aimed at reducing collisions will be important in reducing the overall incidence of pedestrian injuries.
This study has some limitations. Protocols on accident conditions were reported incompletely, which means there was some missing data in the total numbers. The results of the analyses allow an overall assessment of pedestrian safety level in Latvia. Certainly, the effort of data collection is an on-going challenge and the analysis presented in this study in the future could be combined with more detailed analysis of additional data to emphasize the problem.
